Abstract
were removed en bloc and 87.6% with R0 resection. A curative treatment was achieved in 83.2% of the cases. Complications occurred in 13.2% of the procedures, including early and delayed bleeding in 12 patients (10.5%) and one perforation (0.9%). With a median follow-up period of 12 months (interquartile range [IQR] = 18), 6 cases of recurrence at the previous ESD site were diagnosed: 4 residual lesions and 2 local recurrences in previous R0 resections. Residual lesions occurred more often in patients with larger lesions (median = 40.0 mm, IQR = 26 vs. median = 20.0 mm, IQR = 15, p = 0.008) and with positive horizontal margins (HMs) after resection (50.0 vs. 0.0%, Fisher exact test, p < 0.001). The cumulative incidence of metachronous gastric lesions at 34 months was 16.1%. All new lesions were effectively treated using an endoscopic technique. The disease-specific survival at 12 months was 100%. Conclusion: This study showed that ESD is an effective resection technique for gastric lesions with a good safety profile, confirming other European series. Regardless, high en bloc resection positive HM is still a problem in some specimens resected by ESD. Endoscopic surveillance can detect local recurrence and new lesions during early stages, potentially treatable by endoscopy.
Introduction
Endoscopic submucosal dissection (ESD) is now widely accepted as the first approach in the treatment of early gastric cancer (EGC), if suitable for en bloc resection, and with a very low risk of lymph node metastasis [1, 2] . According to the Japanese Gastric Cancer Association and the European Society of Gastrointestinal Endoscopy, there are two different types of indications for ESD in the treatment of EGC (limited to the mucosa or the mucosa and submucosa): absolute and expanded indications [2, 3] . The absolute criteria (differentiated mucosal cancers ≤20 mm, without ulcerative findings and without lymphatic vascular invasion) for ESD in EGC were adapted from the endoscopic mucosal resection (EMR) indications, with higher rates of en bloc and complete resections with ESD [3, 4] . With the data from two large Japanese cancer centres, expanded indications were added to the Japanese guidelines in 2010 (differentiated mucosal cancers, without ulcerative findings and without lymphatic vascular invasion, regardless of tumour size; differentiated mucosal cancers, with ulcerative findings ≤30 mm and without lymphatic vascular invasion; differentiated minute (< 500 µm) submucosal invasive cancers ≤30 mm without lymphatic vascular invasion and undifferentiated mucosal cancers ≤20 mm without ulcerative findings and without lymphatic vascular invasion) [5] [6] [7] [8] . Nonetheless, in these cases, especially in undifferentiated cancers, ulcerated or with minimal submucosal invasion, surgical treatment should be discussed with patients because of potential lymph node metastasis and unsatisfactory prognosis [3] . Despite that, one of the largest Japanese consecutive patient series with a median follow-up period > 5 years did not show differences in survival rates between patients undergoing curative ESD for absolute and expanded indications of EGC. The 5-year overall survival rates of the EGC patients with curative ESD for absolute indications and for expanded indications of differentiated-type EGC were 93.0 and 92.2%, respectively, and the 5-year disease-specific survival rates of the EGC patients with curative ESD for absolute indications and for expanded indications of differentiated-type EGC were both 99.9% [9] . DOI: 10.1159/000487820
This study aims to report the short-and long-term outcomes of ESD in the treatment of gastric superficial epithelial neoplastic lesions in a Portuguese endoscopy unit, and to evaluate the risk factors for early local recurrence.
Patients and Methods

Patients and Study Design
All consecutive patients who underwent ESD for gastric neoplasia between May 2012 and September 2017 at Braga Hospital were analysed. Data from electronic patient files were collected, including demographic and clinical characteristics, endoscopies, treatments, and histology reports. Patients submitted to ESD with subepithelial lesions or large polyps and whose histopathology showed hyperplasia were excluded from this study (Fig. 1) .
Description of the ESD Technique
Lesions were evaluated with a high-definition endoscope with virtual chromoendoscopy (narrow-band imaging) before the procedures, in order to establish the feasibility of endoscopic resection, the characterisation and delimitation of the lesion, and the decision on the best strategy. As a general rule, no additional complementary procedures such as endoscopic ultrasound or computed tomography were done before the endoscopic treatment.
The morphology of the lesions was described according to the Paris classification. The location was assumed dividing the stomach's long axis into three segments -upper (cardia and fundus), middle (body and angle), and lower (antrum and prepylorus) -and the circular axis into four segments -lesser curvature, greater curvature, anterior wall, and posterior wall. The size was defined as the maximum diameter of the lesion.
Antiplatelet (clopidogrel/ticlopidine) and anticoagulant agents were always stopped according to the guidelines. Low-dose acetylsalicylic acid was only maintained in high-risk patients when indicated by the cardiologist or vascular surgeon.
All ESDs were performed by a single operator with prior animal model experience and a 6-month period of training in a Portuguese endoscopy unit specialised in advanced endoscopic resection techniques. All procedures were done with a standard singlechannel scope (usually GIF-H180 or GIF-H185, and between 2012 and 2015 episodically GIF-Q165; Olympus), an Erbe electrosurgical system (VIO 300 D), and under carbon dioxide insufflation. Most of the patients underwent general anaesthesia with orotracheal intubation and the others were sedated with propofol. After identifying the target lesion, marks were made 5 mm laterally to the margin using argon plasma coagulation (Disposable EndoProbe, 2.3 mm, 600K0200; ARCO Söring) or a needle knife (KD-10Q-1; Olympus). The submucosal injection was performed with a very dilute epinephrine solution (1: 250,000) in normal saline and a few drops of methylene blue. The initial mucosal incision was done with the needle knife (Endo Cut I mode, 60 W, effect 2) followed by a circumferential mucosal incision with an insulated tip knife 2 (KD-611L; Olympus, Endo Cut I mode, 60 W, effect 3) and, finally, submucosal dissection using the same knife and settings. Endoscopic haemostasis was done with a Coagrasper (FD-410LR; Olympus, soft coagulation mode, 50 W, effect 4) and performed as needed during and after the procedure. A cap was only used in some difficult procedures to increase stability and help in endoscopic haemostasis. Finally, the resection site was covered with sucrose sulfate-aluminium complex (sucralfate) (Fig. 2) .
The patients were hospitalised under pantoprazole intravenous infusion (8 mg/h) for the first 48 h (which was then switched to oral intake, 40 mg twice a day for a total of 2 weeks) plus sucralfate. They usually started oral liquid diet 36-48 h after the procedure and were discharged on the next day (day 3 after the ESD) in the absence of complications.
Regarding complications, immediate bleeding was considered if there was intraoperative bleeding that required blood transfusion or modification/suspension of the endoscopic treatment. Early (< 24 h) and delayed (> 24 h) bleeding was considered if, during the postoperative period, haemorrhage (haematemesis, melena, or haematochezia) occurred or if there was a decrease in the haemoglobin level > 2 g/dL, with need for blood transfusion or endoscopic/surgical intervention. Minimal bleeding during the procedures was not accounted for and was managed with epinephrine injection or coagulation with the tip of the knife or a coagulation forceps. Perforation was considered if it was endoscopically visible or if, under clinical indication, it was radiologically confirmed.
Histopathological Evaluation
The resected specimens were stretched and pinned to a polystyrene plate before being embedded in formaldehyde for fixation. Fragmented specimens were reconstituted to the greatest extent possible. Histology specimens were classified according to the World Health Organization classification of gastric epithelial neoplasia [10] . Cases showing both low-grade intraepithelial neoplasia (LGIN) and high-grade intraepithelial neoplasia (HGIN) were classified as HGIN. The diagnosis of intramucosal carcinoma was based on invasion of the lamina propria or muscularis mucosae by neoplastic epithelium.
Resection was defined as en bloc if the lesion was resected in one piece and as piecemeal if it was fragmented into two or more pieces. A complete resection (R0) was considered if the resection was en bloc and both horizontal margins (HMs) and vertical margins (VMs) were negative (HM0 and VM0, respectively). Incomplete resection (R1) was considered if the lesion was intercepted in at least one of the margins or in cases of piecemeal resection.
Resection was considered curative if all the following conditions were fulfilled: R0 resection, no lymphovascular infiltration, and (1) tumours, irrespective of size, differentiated type, pT1a, without ulcerative findings, or (2) tumours < 3 cm, differentiated type, pT1a, with ulcerative findings, or (3) tumours < 3 cm, differentiated type, pT1b (SM1 < 500 µm).
The patients with submucosal invasive cancers, regardless of curative resection, and all patients who did not fulfil the criteria for endoscopic curative resection were discussed in a multidisciplinary meeting, and surgical treatment (gastrectomy with lymph node dissection) was proposed eventually. In the cases of non-curative ESD where surgery was not considered the best option, new endoscopic treatment or stringent follow-up was the subsequent approach.
Follow-Up Schedule and Definitions
Surveillance endoscopy was performed 3 and/or 6 months after the ESD and every 12 months thereafter. Biopsies of the previous ESD site or suspicious areas in search for synchronous gastric lesions (SGLs) or metachronous gastric lesions (MGLs) were performed during endoscopic surveillance. The follow-up period was defined as the period between the ESD and the last surveillance endoscopy.
In surveillance endoscopies, dysplasia or cancer found at the previous ESD site within 1 year was defined as residual disease and after more than 1 year as local recurrence. SGL and MGL were defined as a new gastric neoplastic lesion that was detected during the first year and more than 1 year after ESD, respectively. Patients who did not undergo surveillance endoscopy were not considered for residual disease/local recurrence evaluation.
Statistical Analysis
Quantitative variables were presented as mean ± standard deviation or median and interquartile range (IQR) according to the presence of normal or non-normal distribution, respectively. Normality assessment was performed with the Shapiro-Wilk test (n < 50) and the Kolmogorov-Smirnov test (n ≥ 50). Categorical variables were analysed using the χ 2 test or the Fisher exact test, while numerical variables were analysed with the Student t test or the Mann-Whitney test, according to the presence or not of normality in the sample. The cumulative incidence of MGL development and overall survival rate were plotted using the Kaplan-Meier method. The confidence level was 95% and statistical significance was set at p < 0.05. All statistical analyses were performed with SPSS (version 20.0; SPSS Inc., Chicago, IL, USA).
Results
A total of 105 patients with 114 gastric superficial epithelial neoplastic lesions underwent ESD during the 5-year period (from May 2012 to September 2017).
Baseline Characteristics
The patients' demographic and clinicopathological characteristics are described in Table 1 . Most lesions were flat (95.6%), specifically types 0-IIa and 0-IIa+IIc of the Paris classification, and were located in the antrum (54.4%), followed by middle (38.6%) and proximal stomach (7.0%). The median size of the lesions was 20.0 mm (IQR = 15; range, 5-60 mm). No ESD was performed for local recurrence of previous EMR.
Two patients were submitted to ESD without a previous biopsy, all type 0-IIa lesions that fulfilled the absolute indication criteria, and the decision was based on the certainty of the endoscopic diagnosis with magnification and narrow-band imaging. Moreover, in one ESD of a lesion whose previous biopsy had been negative for dysplasia, the posterior histopathology analysis of the resected specimen showed differentiated mucosal adenocarcinoma.
Histological Features
En bloc resection was feasible in 96.5% (110/114), three were piecemeal resections (one of these in two piec- es) and one ESD was not finished due to perforation (Table 2). R0 was achieved in 87.6% (99/113): 96.6% (60/62) in the absolute indication group and 79.1% (34/43) in the expanded indication group. One ESD specimen was lost due to distal migration, therefore complete resection could not be evaluated and it was excluded from R0/R1 assessment. Eight resected lesions were classified beyond the expanded criteria. All of them were differentiated submucosal invasive cancers in which submucosal invasion was > 500 µm or SM invasion was impossible to measure. Six of the lesions had a previous biopsy that showed only dysplasia and did not have morphologic features suggesting endoscopic unresectability. The other two were adenocarcinomas (on biopsy), < 30 mm, and had previously been discussed in a multidisciplinary meeting. Endoscopic resection was decided based on the patients' general poor condition.
Adverse Events
Bleeding occurred in 12 procedures (10.5%): 4 cases of early bleeding (< 24 h) and 8 cases of delayed bleeding (> 24 h) ( Table 2) . No significant immediate bleeding occurred during the procedures. All haemorrhages were treated endoscopically: single injection of a dilute solution of epinephrine (1: 10,000) was used in 2 cases (16.7%); placement of endoclips with or without a previous epinephrine injection was performed in 8 cases (66.7%); 1 bleeding vessel was treated with adrenaline plus polidocanol injections (8.3%); and in 1 case (8.3%) the bleeding was controlled only after the use of haemostatic powder (Hemospray ® ; Cook Medical). Three patients needed blood transfusions, and 1 patient was admitted to the intensive care unit for 1 day because of haemorrhagic shock after ESD of a lesion located in the cardia. One perforation (0.9%) occurred during an ESD of a lesion in the cardia. The defect was successfully closed with endoclips, but Data are presented as mean ± standard deviation, median (interquartile range), n, or n (%). EMR, endoscopic mucosal resection; ESD, endoscopic submucosal dissection; HGIN, high-grade intraepithelial neoplasia; LGIN, low-grade intraepithelial neoplasia. 1 Physical status classification system. 2 Paris classification. the procedure was stopped since en bloc resection was compromised due to technical difficulties. The patient was subsequently referred for surgical treatment (gastrectomy). No procedure-related death was observed.
Short-Term Outcomes
Curative endoscopic resection was achieved in 83.2% of all patients. A positive HM was observed in 10 specimens (8.9%) and occurred more often in patients who did not Data are presented as n, n (%), or median (interquartile range). HGIN, high-grade intraepithelial neoplasia; LGIN, low-grade intraepithelial neoplasia. 1 Total of 112 because 1 missing lesion and 1 ESD were not finished. 2 Previous LGIN on biopsy. 3 Pneumonia occurred in a patient with a lesion beyond the expanded criteria. . In a total of 10 patients with adenocarcinoma and non-curative endoscopic resection, 6 underwent surgical treatment with total or partial gastrectomy, but only 1 patient had residual neoplasia after histopathological assessment of the surgical specimen. In the 4 patients who were not submitted to surgery, one local recurrence was observed. It occurred in a patient with a previous fragmented resection and was successfully treated by endoscopy. One 90-year-old man with R1 resection (VM+ and HM+) and lymphovascular invasion refused any additional surveillance or treatment. Another patient with an R0 resection but with submucosal invasion > 500 µm refused additional surgical treatment and remained under endoscopic and imaging follow-up without signs of disease recurrence. The last patient was considered unfit for surgical treatment (78-year-old male, ASA IV) and remains under endoscopic follow-up without any signs of disease recurrence and with two more lesions treated by ESD.
Long-Term Outcomes
During a median follow-up of 12 months (IQR = 18), 6 cases of recurrence were diagnosed: 4 residual lesions (1 intramucosal adenocarcinoma resected in piecemeal and 3 HGINs with R1 resections due to positive HM) and 2 local recurrences in previous R0 resections (1 minimally invasive submucosal adenocarcinoma and 1 LGIN).
The recurrent tissue was dysplastic and non-invasive in all cases. Residual lesions were treated with argon plasma coagulation, one local recurrence with EMR, and the other local recurrence was lost to follow-up. Residual lesions were observed more often in patients with larger lesions and with positive HMs when compared to smaller lesions (median = 40.0 mm, IQR = 26 vs. median = 20.0 mm, IQR = 15, p = 0.008) and R0 resection (50.0 vs. 0.0%, Fisher exact test, p < 0.001), respectively.
Three patients had been previously submitted to EMR for other gastric epithelial neoplastic lesions in different locations. During the surveillance period, 7 SGLs were observed and 3 MGLs were identified ( Table 2 ). The cumulative incidence of MGLs at 34 months was 16.1% (Fig. 3) . All lesions were removed with a repeat ESD.
Overall survival was 96%, but disease-specific survival was 100%, with a median follow-up of 12 months (IQR = 18). Four patients died during the follow-up period due to non-cancer-related causes (cerebrovascular accident, cirrhosis decompensation, end-stage pulmonary disease, and sudden death).
Discussion
ESD is a technique which was introduced in the last decade in Western countries that implies a high level of expertise, with outcomes still slightly inferior to those from Eastern series [11] .
The current study represents a retrospective description of superficial epithelial gastric neoplasias treated by ESD in a single centre and the second largest Portuguese case series report published [12] [13] [14] . The outcomes were similar to the results presented in the literature, with an en bloc R0 resection rate reaching 90% and a cure rate of > 80%, with a good safety profile [14, 15] . All adverse events (10.5% rate of bleeding and 0.9% rate of perforation) were controlled endoscopically and none of the patients needed surgery. After resection, a careful inspection of the resection site was done along with prophylactic coagulation of all visible vessels. The ulcer was covered with sucralfate, a gastroprotective agent that directly binds the gastric submucosa in the ulcer bed, providing a physical barrier against gastric irritants. Although there is no evidence regarding the use of sucralfate in ESD, recent studies have employed sucralfate as a topical drug for the healing of several types of epithelial wounds such as ulcers, mucositis, and burn wounds [16, 17] .
Fragmented resection and positive HM are associated with a rate of residual lesion and local recurrence of around 10-30% [3] . Although ESD allows a high en bloc resection rate, positive HMs are sometimes encountered (a Japanese multicentre survey reported 2% positive HMs in differentiated-type gastric adenocarcinomas). Appropriate treatment strategies for differentiated-type gastric cancers with positive HMs or indeterminable margins after ESD have not yet been established in guidelines [18] . Moreover, non-surgical options may be proposed due to a low risk of lymph node metastasis [3, 18] . In this study, a 4.9% rate of residual recurrence and a 5.3% rate of local recurrence were reported. In patients with positive HMs on resected specimens, 50% had residual disease, which is higher than in previous studies, even though all residual lesions were managed endoscopically [18, 19] . Some retrospective studies have tried to identify risk factors to positive HMs [19] [20] [21] . Kakushima et al. [20] reported three main reasons for positive HMs after resection: lesions with a flat spreading area not included in the marking, lesions with an unexpected nearby lesion, and lesions with lateral extension in the submucosa under a non-cancerous mucosa. After that, Sekiguchi et al. [19] identified a cancer-positive lateral margin length ≥6 mm as an independent risk factor for local recurrence after ESD (with a sensitivity and specificity for a 5-year risk of developing local recurrence of 66.7 and 95.6 %, respectively). Recently, Numata et al. [21] recognised that location of the tumour in the upper third of the stomach and lesions not matching the absolute indication criteria were independent risk factors for positive HMs. In this study, expertise with digital chromoendoscopy improved along with the ESD learning curve, and the regular use of highdefinition endoscopy in the last period can partially explain highly positive HMs in the beginning. Secondly, no treatment was done in positive HMs before residual lesion detection. Maybe high-risk patients need to be treated promptly and the length of cancer-positive HM can help to decide which ones need additional treatment [19] .
Two cases of R0 resections (minimally invasive submucosal adenocarcinoma and LGIN) developed local recurrence. After a careful revision of the endoscopic and histological records, male sex was identified in both cases as well as narrow lateral margin on the first lesion and extensive atrophic gastritis on the second, all risk factors for local recurrence [22, 23] .
Patients without endoscopic curative resection criteria, besides positive HMs, were sent to surgery for curative treatment, but only 1 patient from those submitted to gastrectomy had residual neoplasia with lymph node metastasis after histopathological assessment. This study confirmed the low risk of lymph node metastasis in expanded criteria patients and ESD as the best staging tool before surgery for EGC [3, 9, 15] . However, when lesions were divided into two groups of indications (absolute versus expanded indications), the second group presented lower rates of R0 (96.6 vs. 79.1%, p = 0.007) and curative resection (96.8 vs. 79.1%, p = 0.007), with an increased residual lesion rate (0 vs. 13.3%, p = 0.024), confirming a recent meta-analysis [24] , although endoscopically treatable in most of the cases.
Seven SGLs were detected during the first year, possibly missed before or at the time of the ESD, and 3 MGLs during the remaining follow-up period [25] . Regardless of endoscopic treatment being less invasive and associated with better quality of life compared to surgery, preservation of the stomach carries a greater risk of other gastric cancers. Some studies report an annual incidence of 1-3% for other gastric cancers, and the cumulative incidence of MGLs constantly increased, at least during the first 3-5 years [4, 14, 23, 25] . Recently, one retrospective study showed that patients with SGLs or male patients with extensive intestinal metaplasia have a high risk of MGLs even after 5 years [25] . So, endoscopic surveillance is necessary and short intervals (≤12 months) detect more endoscopically treatable lesions, decreasing the need for surgery [23, 25] . Currently, there is still not sufficient evidence to decide when to stop surveillance in patients submitted to ESD for EGC.
Overall survival was 96%, with four deaths during the follow-up period due to non-cancer-related causes, but disease-specific survival was 100%. This may be explained by the application of this endoscopic technique to many patients who seem unfit for major surgery due to old age or significant morbidities.
The study has some limitations. Firstly, the median follow-up was short and consequently the long-term outcomes should be interpreted with caution. Secondly, procedure duration, which could be a good tool to evaluate operator efficiency, was not evaluated, even though 83.2% of the lesions were successfully treated by ESD. Lastly, LGIN and HGIN (besides adenocarcinoma) were included in the study, and the results were compared with those of Eastern studies; however, the differences in histopathological classifications in Western and Eastern countries raise some questions regarding these comparisons.
In conclusion, the study results showed that ESD is an effective resection technique for gastric lesions with a good safety profile, confirming other European series. Regardless of a high en bloc resection, positive HM is still a problem in some specimens resected by ESD. Endoscopic surveillance could detect local recurrence and new lesions in early stages potentially treatable by endoscopy.
